Highlight
Soil texture and development determine the kinds of range plants that grow in west central South Dakota.
Bluestems, sideoats grama, and prairie sandreed are important species on very weakly developed soils but are less important on more strongly developed soils than cool-season mid-and tall-grasses. Western wheatgrass, green needlegrass, and buffalograss are important on well developed soils except those that are very coarse textured where needleandthread is important.
Soil structure and fertility changes probably are the important factors iffecting vegetation as a soil develo'ps.
Some environmental factors affecting vegetation were discussed by Weaver and Darland (1949) , Weaver and Albertson (1956), and Weaver (1958) for the plains species. Albertson (1937) reported certain kinds of mixed prairie were associated with certain kinds of soils in western Kansas. In North Dakota, Hanson and Whitman (1938) (1958) related the vegetation to slope gradient and slope aspect. Some soil-plant relationships were described for southwestern South Dakota by Tolstead (1941) and by Larson and Whitman (1941) . Mixed prairie species that are found on soils in different stages of development have noIt been discussed in detail. The need for soil-vegetation interpretation studies in range management has b,een discussed by Klemmedson (1970) . The effect soil age and texture has on plant composition on welldrained slopes has been studied for 10 years (1958 to 1968) as part of the soil survey of 1Mellette County, South Dakota.
This county (Fig.  1 ) has an area of about 834,000 acres and is about 30 miles north of the Nebraska line and 100 miles east of the Black Hills.
The annual precipitation ranges from about 18 inches in the SE corner to 16 inches in the NW corner of the county (Hodges, 1960 Forest (Po@lus-Salix-Ulmus) vegetation types. The generalized soilvegetation map of Mellette County (Fig. 1) is more detailed than Kiichler's map. In addition, ponderosa pine (Pinus ponderosa) occurs in some Badlands and burr oak (@er-CZGS macrocarpa) grolws in some upland drainageways and low stream terraces or floodplains.
Materials and Methods
Vegetation, by species (Fernald, 1950; Hitchcock and Chase, 1950; Kelsey and Dayton, 1942) , is reported on a relative weight basis by visual estimation. These composition estimates are similar to those reported by Lewis et al. (1963, Appendix Table  3 ) that are used for range management.
In the process of soil mapping, each soil profile was related to the plant composition at that location.
Thus, thousands of individual observations made over the IO-year period have been summarized graphically in this paper.
Tentative
soil series for the diagrams in Figure 2 are from left to right with increasing soil development:
(1 may be adapted to weakly developed sandy soils mainly because one seedling can spread over an area where seedlings of other species cannot grow. The relationship of sand bluestem to big bluestem supports this hypothesis.
Sand bluestem and big bluestem usually grows on weakly develo'ped soils with respectively, sandy and clayey textures.
The two species interbreed because plants of intermediate phenotype occur at the border of weakly developed sandy and clayey soils. However, in very small sandy areas, this interbreeding is either (1) very limited so sand bluestem can be preserved as a distinct species, or (2) a single sand bluestem plant spreads and maintains itself for a very long time by producing new plants vegetatively from long rhizomes. Sand bluestem must be more adapted to weakly developed sandy soils than big bluestem because of the long rhizomes or some related root characteristics.
On gravelly soils, big bluestem seems to be adapted although the gravel deposits are thin in Mellette County so, the finer underlying material may be the controlling factor.
Little bluestem (Andropogon scoparius) cg;rows with big bluestem or sand bluestem on weakly developed soils. Little and big bluestems will grow on very fine textured soils if they contain shale fragments but not if the shale fragments are not present (Fig. 2 , D in comparison to E). Little bluestem may grow on well-developed soils which have been disturbed by burrowing animals or by man. Competition from other species has been eliminated in these disturbed soils so they are similar to the weakly developed soils where competition is reduced because of the low fertility. Little bluestem grows on soils that are derived from calcareous and noncalcareous siltstone so carbonate content is not a factor. Wilding (1960) discussed the different soils where little bluestem was abundant, including some which were not well drained.
Sideoats grama grows with the bluestem species and with prairie sandreed on weakly developed soils. It also is abundant where the weakly developed soil has a few inches of dark-colored granular surface soil and blue grama (Bouteloua gracilis), buffalograss (Buchloe dactyloides), and western wheatgrass are important (Fig. 2) warm-season tall bunch-grasses and western wheatgrass, has shallow rhizomes with nodal roots that spread down and through the soil. Needleandthread (Sti@z comata) grows on coarse-textured soils and not on fine-textured soils. In contrast, green needlegrass grows on fine-textured soils and not on coarse-textured soils. Both grow on medium and moderately fine textured soils but as the clay content increases, green needlegrass increases relatively to needleandthread. The relationship of these species to texture has been discussed by Archer and Bunch (1953 (Weaver and Albertson, 1956 ) that may be damaged more by the desiccation shrinking and cracking in clay soils than the coarse, tough, wiry roots of green needlegrass. In soil derived fro'm moderately fine textured parent materials, horizon textures determine which species is most important (Fig. Z-C) . If the A horizon is a silt loam and the B horizon is a clay, needleandthread may grow provided the B horizon contains many moderately hard siltstone or shale fragments. Needleandthread grows with green needlegrass on soils that have fragmentfree clay B horizons if the A horizon is a silt loam or loam and at least 6 or 8 inches thick. On weakly developed soils, green needlegrass is the sole Stipa sp. if the clay content is more than 40 or 50 percent regardless of the shale fragment content.
Buffalograss grows in association with green needleg-rass on many soils. Like green needlegrass, it does not grow well on sandy soils (Weaver and Albertson, 1956; Archer and Bunch, 1953) . In Mellette County, buffalolgrass is found occasionally on soils with sandy surfaces that are underlain by clay but not where the entire profile is sandy. It grows on silty soils where green needlegrass is replaced by needleandthread but not on very weakly developed fine-textured clay soils where green needlegrass grows but needleandthread doles not. Holwever, buffalograss will grow on these fine-textured clay sodls, derived from very weakly bedded, poorly consolidated shales or from clay alluvium, when they develop a granular surface layer and a weak prismatic B horizon. Apparently, buffalograss cannot grow unless the surface and sub-surface layers of a fine-textured clay soil has fairly stable prismatic and blocky structure. The plant will not grow if parallelepipeds are present in the surface or within the subsoil to a depth of 10 or 15 inches. Presumably the fine roots of buffalograss are damaged either by constriction or by stretching as the soil dries, shrinks, and cracks (White and Lewis, 1969) .
Blue grama, like buffalograss, will not grow on very fine textured soils until the structure becomes fairly stable in the upper part of the soil. However, blue grama does grow on all other soils in Mellette County including the coarsetextured ones where buffalograss does not occur. The sandy soil charcateristics that limit the one species and not the other are not known. Presumably, the unstable surface-layer structure in very sandy soils may be detrimental to buffalograss.
Western wheatgrass abundance, relative to other species, increases directly with clay content on welldrained soils which lack shale fragments. Weakly developed clay soils with shale fragments have more warm-season tall-grasses than western wheatgrass (Fig. Z-D and E, Pierre-shale-derived soils compared to Tertiary-shale-derived soils). Western wheatgrass is most abundant on soils with B-horizon parallelepiped structure and least important where the B-horizon prisms contain no definite blocky structure. The kind of structure formed is related to the clay content and the shrink-swell capacity of the soil with changes in the moisture content . Apparently, western wheatgrass roots can withstand soilvolume changes better than the roots of species which grow on coarse-textured soils. Western wheatgrass roots grow from rhizome nodes 2 to 4 inches below the surface so the overlying soil structure is not important. In addition, the rhizome-s tored carbohydrates maintain the dormant plant during droughts and initiate new growth when the soil is moistened.
If a rhizome breaks or is constricted by soil-volume changes, a new plant can arise from nodes to maintain the species.
Miscellaneous Perennial Grasses
Sand dropseed (Sporobolus cryptandrus) was common on sandy or silty soils and less common on finetextured soils. In contrast, tall dropseed (Sporobolus asper) was observed mainly on moderately fine and fine-textured soils with at least weak development. Prairie junegrass (Koeleria cristuta) were found only in a few sandy formerly cultivated areas where they could have been introduced in domestic seed. These two are common SandHills species where dunes are wind eroded. Their absence in Mellette County may suggest wind blowout activity is recent on formerly stabilized dunes where these species could not grow. Canada wildrye (Elymus canadensis) and Virginia wildrye (E. virginicus) were observed rarely on well-drained sloping silty or sandy soils. Switchgrass grew infrequently on well-drained weakly developed soils, possibly where snow accumulated to increase the plant-available soil water. It was common on moist soils.
Forb Species in Relationship to Soil Texture and Development
Some forbs grow only on welldrained soils with a certain range of textures and are listed in Figure 3 with the genera1 texture range of the soils where they occur frequently. Obviously, most species do grow occasionally in atypical soils where other species are better adapted. Several species seem to' be restricted WHITE in Mellette County to very weakly developed sandy soils. These are bush morningglory (Ipomoea Zeptophylla) (P. esculenta) seems to be most prevalent on silty or loamy soils. Slimflower scurfpea (P. tenuiflora) grows on nearly any welldrained soil which has a friable subsoil at a depth of 3 or 4 feet.
Most forbs growing on weakly developed soils are legumes that may have root nodules with symbiotic organisms that fix nitrogen in soils with a low nitrogen content. As soil organic matter accumulates, other forbs and grasses get sufficient nitrogen to compete for the area. Reasons for the non-leguminous forbs growing on soils with a certain texture are not known. Possibly the root systems of some species are damaged in clay soils while others cannot grow through sandy materials for some unexplained reason.
Selective Effect of Soil Texture and
Development on Plant Species
The selective effect texture has for certain species is evident (Figs.  2 and 3 ) . Texture is a factor in air and water movement in the soil, in the amount of water a well-drained soil can retain that is available to plants, in structure formation (White, 1967) , and, in some cases, soil fertility, so its effect on plants is difficult to evaluate. A species may grow on a soil because it can utilize some nonsoil resource more efficiently than other species. However, this species may grow equally well or better on some other soil where some other species is more efficient.
However, a comparison of the successional sequences formed with increasing soil development on different kinds of parent material will eliminate some species from those affected by texture.
Little bluestem, sideoats grama, and western wheatgrass grow on soils of any texture except pure gravel if soil development is correct for the species. Other species grow only on soils of certain textural groups. Some of these species are big bluestem, sand bluestem, needleandthread, green needlegrass, buffalograss, tallbread scurfpea, lemon scurfpea, and silky prairieclover. The logical place to find differences between these species would be in the roots but no consistent difference is apparent. The effect of soil development on certain species supports this idea.
Buffalograss and blue grama will not grow on a very fine-textured soil until the parallelepipeds in the surface layer and subsoil have changed with increasing soil development, respectively, to ,granules or
